To explore the effects of asbestos and silica on the human immune system, an experimental model of lowdose and long-term exposure was established using a human UTLV-l-immortalized polyclonal T cell line, . MT-2 cells were continuously exposed to asbestos at a concentration (10 ug/ml) which does not induce complete cell death during short-term exposure. After acquiring resistance to CD-induced apoptosis (designated MT-2Rst), an immunological comparison was made between the MT-20rg and MT-2Rst lines in terms of T cell receptor-VO (TcR-VO) expression. MT-2Rst cells showed excess expression of various TcR-VO, although TcR-VO-overpresenting cells were characterized as undergoing apoptosis due to first contact with CD. Patients with asbestos-related diseases (AJ{D), such as asbestosis and malignant mesothelioma, were compared with silicosis (SIL) patients as a disease control and with healthy donors (UD). SIL and ARD not only differed in their causative materials, silica and asbestos as mineral silicates, but also in terms of complications; autoimmune disorders in SIL and tumors in ARD. ARD patients showed a restricted overpresentation ofTcR-VO without clonal expansion, whereas SIL patients revealed significant overpresentation of TcR-VO 7.2. These experimental and clinical analyses indicate the superantigenic and dysregulation of autoimmunity-inducing effects of asbestos and silica, respectively.
To explore the effects of asbestos and silica on the human immune system, an experimental model of lowdose and long-term exposure was established using a human UTLV-l-immortalized polyclonal T cell line, MT-2 (MT-20rg). MT-2 cells were continuously exposed to asbestos at a concentration (10 ug/ml) which does not induce complete cell death during short-term exposure. After acquiring resistance to CD-induced apoptosis (designated MT-2Rst), an immunological comparison was made between the MT-20rg and MT-2Rst lines in terms of T cell receptor-VO (TcR-VO) expression. MT-2Rst cells showed excess expression of various TcR-VO, although TcR-VO-overpresenting cells were characterized as undergoing apoptosis due to first contact with CD. Patients with asbestos-related diseases (AJ{D), such as asbestosis and malignant mesothelioma, were compared with silicosis (SIL) patients as a disease control and with healthy donors (UD). SIL and ARD not only differed in their causative materials, silica and asbestos as mineral silicates, but also in terms of complications; autoimmune disorders in SIL and tumors in ARD. ARD patients showed a restricted overpresentation ofTcR-VO without clonal expansion, whereas SIL patients revealed significant overpresentation of TcR-VO 7.2. These experimental and clinical analyses indicate the superantigenic and dysregulation of autoimmunity-inducing effects of asbestos and silica, respectively.
Asbestos (e.g. chrysotile, crocidolite and amosite) is known to cause malignant lung cancer or mesothelioma. The International Agency for Research on Cancer (IARC) categorizes both asbestos and crystalline silica as group I carcinogens (1). According to the IARC classification, asbestos affects alveolar epithelial and mesothelial cells. There have been many studies concerning asbestos-induced apoptosis in these cells. Experimentally, these cells have undergone apoptosis on a relatively high-level, short-term exposure to asbestos via the production of ROS and RNS with activation of the mitochondrial apoptotic pathway (2) (3) (4) . Thus, it has been considered that during low-level and long-term exposure to asbestos in the human body, alveolar epithelial and mesothelial cells escape from these apoptotic pathways due to genetic changes and undergo malignant transformation (2) (3) (4) .
We also found that asbestos polyclonally activated CD4-positive T cells and caused activation-induced cell death (5) (6) (7) (8) (9) . In addition, PBMCs from healthy donors exposed to asbestos in culture underwent apoptosis (5) (6) (7) (8) . However, many patients with asbestosis have had chronic, occupational and recurrent exposure to silicates. Therefore, there seems to be a need to develop an in vitro experimental model of chronic exposure to analyze the immunobiological effects of silicates during long-term exposure. For this purpose, we employed an HTLV-l-immortalized human polyclonal T cell line, MT-2 (10), for the development of an in vitro model. On short-term and high-level exposure to chrysotile, MT-2 cells underwent apoptosis with the production of ROS via activation ofthe mitochondrial apoptotic pathway with phosphorylation of p38 MAPK and JNK signaling molecules, shifting to a Bax-dominant Bax/Bcl-2 balance, release of cytochrome-c from mitochondria into the cytosol, and activation of caspases 9 and 3 (9) . Thereafter, we established a chrysotile-B (CB)induced apoptosis-resistant subline of MT-2 (MT-2Rst), and characterized the differences between the original MT-2 cell line (MT-20rg) and MT-2Rst with regard to the apoptosis-related gene expression, cytokine production and signaling between contact to cells with asbestos fibers and resistance to apoptosis (10) . In this study, we compare cellular differences of MT-20rg and MT-2Rst in terms of expression of the TcR-VB repertoire.
The analysis of TcRs in affected tissue may show either: 1) a broad TcR repertoire without VB family overrepresentation (similar to that found in peripheral blood or normal lymph nodes), indicating that the T cells have been attracted nonspecifically by a proinflammatory environment; 2) a restricted TCR repertoire with VB family overrepresentation but without evidence ofclonal expansion, indicating that there may be a superantigen-driven T cell expansion; or 3) a restricted TcR repertoire with VB family overrepresentation and clonal expansion, indicating that the T cells have been stimulated by specific antigens (11) (12) (13) (14) (15) (16) . Thus, together with experimental results, we screened TcR-VB expression in CD3+ peripheral blood T lymphocytes derived from nine patients with asbestosis (ASB), twelve patients with malignant mesothelioma (MM) and 13 patients with silicosis (SIL).
MATERIALS AND METHODS

Cell line used
An HTLV-I-immortalized human polyclonal T cell line, , was maintained in suspension in RPMI 1640 medium supplemented with 10% fetal bovine serum plus antibodies at 37°C in a humidified atmosphere (9) (10) . The UICC (the International Union against Cancer) standard CB sample was kindly provided by the Department of Occupational Health, National Institute for Occupational Health, South Africa (18) . MT-2Org cells, which had been exposed to I0 ug/ml of CB for more than eight months, showed resistance to CB-induced apoptosis and designated as MT-2Rst. This subline was characterized for cellular mechanisms for the acquisition of apoptosis-resistance and reported that contact with cells with CB-fibers upregulated IL-IO expression and secretion through the activation of Src-family kinases, and excessively secreted IL-1O induced Bcl-2 upregulationthrough STAT-3 activationwith autocrine mechanisms. Therefore, these cells acquired the apoptosisresistance as reported previously (10) Cell sorting and morphological analyses MT-2Rst cells were stained with a FITC-labeled anti-TcR-VB 21.3 MoAb (Beckman Coulter) and positive or negative cells were sorted using FACSAria (Becton Dickinson). Sorted TcR-VB 21.3-positive or -negative cells were subjected to a DNA synthesis assay using 3H-TdR, and morphological assays e.g., May-Giemsa staining and immunofluorescent staining using the FITClabeled TcR-VB 21.3 MoAb and DAPI. The fluorescent images were taken with an ECLIPSE E800 Research microscope and DXM1200 digital camera (Nikon Corp., Tokyo, Japan).
Statistical analysis
Statistical analyses, such as comparisons of positive cell percentages in the individual TcR-VB among various groups of subjects i.e., HD, SIL, ASB and MM, and correlations between various clinical parameters and the expression of individual TcR-VB in patients with SIL, ASB and MM, were performed using StatFlex version 5.0 software for Windows (Artech Co. Ltd., Osaka, Japan), which gives results compatible with SPSS. MT-2Rst cells were released from CB by a gradient-based centrifugation method using Ficoll-Hypaque. Thereafter, the cells were cultured without CB for at least one week, and then re-cultured with various concentrations of CB.
RESULTS
TcR-V.f3 expression in MT-20rg and MT-2Rst
As shown in Fig. 4 -A, TcR-VB 2l.3-positive or -negative cells were sorted using FASCAria. The DNA synthesis was then assayed using 3H_ TdR incorporation. As shown in Fig. 4 -B, the DNA synthesis of TcR-VB 2l.3-positive cells was almost equal to that in the control with medium only, whereas negative cells exhibited extensive synthesis.
Cells in the TcR-VB 2l.3-positive fraction showed condensation and splitting ofthe nucleus, as revealed in Fig These results indicated that the MT-2Rst cells excessively expressing TcR-VB may have the same origin as the apoptotic cells. However, it was noted that MT-2Rst cells were resistant to the CB-induced apoptosis. Thus, the changes to the TcR-VB 21.3positive cell population in MT-20rg and MT-2Rst cells during co-culture with various concentrations of CB were examined next.
Change of TcR-V.f3 21.3 positive population in MT-20rg and MT-2Rst cells
MT-20rg and MT-2Rst cells, released from continuous exposure to CB for more than one week, were cultured with 0, 5, 10, 25 and 50 ug/ml of CB and the TcR-VB 21.3-positive population among these cells was assayed flow-cytometrically. Fig. 6 of MT-20rg with no CB, MT-20rg cells cultured with 25 ug/ml of CB for three days , and MT-2Rst cells cultured with 25 ug/ml of CB for two days, respectively. Fig. 6-0 shows changes in the TcR-VB 21.3-positive population. MT-20rg showed a marked increase in TcR-VB 21.3-positive cells ( Fig. 6-B ) compared to their original status ( Fig. 6-A) . These increases were consistent with the appearance of the apoptotic cells reported previously (10) . Whereas even TcR-VB 21.3-positive cells revealed apoptotic characteristics such as scant ONA synthesis and various morphological features ( Fig. 4 and 5) , the TcR-VI3 21.3-positive population in MT-2Rst was not much increased and showed similar curves for the appearance of apoptosis reported previously (10) . It therefore seems that excess expression of TcR-VB results in the occurrence of apoptosis. However, this interpretation does not explain the initial difference in the TcR-VB 21.3-positive population between MT-20rg and MT-2Rst. Thus, considering the differences between these two lines, the sole significant distinction was whether or not cells come into contact with CB. As MT-20rg cells undergo apoptosis immediately after exposure to CB, the increases in the expression ofTcR-VB and apoptotic cell population are almost identical if each analysis is performed separately. On the other hand, since MT-2Rst cells were continuously exposed to CB, they showed excess expression ofvarious TcR-VB as a mark of previous contact even though they were released from exposure for more than one week.
TcR-Vj3 analyses of silica and asbestos-related disorders
Considering the results obtained with the MT-20rg and MT-2Rst lines, subjects exposed to asbestos chronically, occupationally and recurrently may show a restricted TcR repertoire with VB family overrepresentation but without evidence of clonal expansion, since the excess expression of various TcR-VBwas considered a feature of contact between asbestos and T lymphocytes. PBMCs derived from nineASB and twelve MM patients, who were exposed to asbestos long enough to develop these types of pulmonary disorders, were assayed. As shown in Table I , in most of the patients with ASB and MM, the expression of one or more TcR-VB exceeded the mean plus 2 SO of identical TcR-VB expression in HO. In addition, six of nine (66.7%) MM patients and six of twelve (50%) ASB patients demonstrated a value of more than 3% to a maximum of 26.89%. Moreover, most of these patients revealed additional excessive TcR-VB expression. These results may be compatible with the phenomenon obtained from
iil ., : 20 .. 
3positive or -negative fraction in MT-2Rst cell,s as indicated in images, was sorted using a FACSAriaflow-cyometer. [B] A comparison ofDNA synthesis between the TcR-Vj3 21.3-positive or -negativefraction in MT-2Rst cells using a 3H-TdR incorporation assay.
experimental long-term and low-level exposure to asbestos, CB, in T lymphocytes, MT-2 cells.
Furthermore, since we had reported the possibility that asbestos acts as a superantigen against T cells (5) (6) (7) (8) , the clinical and experimental results may also be compatible with the idea of a restricted TcR repertoire with VB family overrepresentation but without evidence ofclonal expansion, indicating that there may be superantigen-driven T cell expansion (11) (12) (13) (14) .
SIL patients, exposed chronically, occupationally and recurrently to silica, but not silicates such as asbestos, are characterized immunologically by frequent complications of autoimmune diseases such as systemic sclerosis and rheumatoid arthritis, known as Caplan syndrome (19) (20) (21) . To compare the immunological effects of silica and asbestos, TcR-VB expression in 13 SIL patients was analyzed. As shown in Fig. 7 , the expression of TcR-VB 7.2 was significantly higher in SIL patients than in the other three groups, e.g., HD, ASB and MM, whereas no other significant difference was detected among our series of subjects. However, it should be noted that there was a restricted TcR repertoire with VB family overrepresentation and clonal expansion, indicating that the T cells were stimulated by specific antigens, including autoantigens, as in several autoimmune diseases representing the clonal expansion of particular TcR-VB (11) (12) (13) (14) (15) (16) . The results for SIL patients may herald an immunological tendency to manifest autoimmune disturbances. In addition, there were apparent differences in the immunological effects of silica and asbestos in terms of TcR-VB expression patterns in patients with SIL and ARD . DISCUSSION
The immunological features of patients with SIL , who have been exposed to silica but not to asbe stos , have been investigated clinically and experimentally because ofthe frequent complications ofautoimmune diseases (19) (20) (21) . We have been focusing on the Fas-mediated apoptotic pathway in lymphocytes (22) (23) (24) and also on various autoantibodies (25) (26) (27) in SIL patients and have reported that Fas-mediated apoptosis is impaired in SIL patients. We have also found that there may be two populations of T lymphocytes, one resistant to Fas-mediated apoptosis and possibly including self-recognizing clones showing higher levels of soluble Fas expression and less cell surface Fas, and the other susceptible to Fas-induced apoptosis undergoing cell death and recruitment from the bone marrow, repeatedly and possibly sensitive to the anti -Fas autoantibody found in SIL patients (22) (23) (24) . However, no insights were made into the immunology of ARD such as ASB, MM and asbestos-induced lung cancer. Howe ver, it is worth-considering that the occurrence of incurable and rapidly progressing malignancies, even though there are very long latent stages of approximately 30 to 40 years, may be accelerated by a decline in tumor immunity. We also studied the immunological effects of asbestos using chrysotile fibers (5) (6) (7) (8) and activation of mitochondrial pathway similar to the killing process of pulmonary alveolar and mesothelial cells by asbestos (8) . Therefore, since it was necessary to observe the immunological effects of long-term and low-dose exposure to asbestos, the MT-20rg line was employed.
MT-2 cells exposed to CB continuously for more than eight months became resistant to CB-induced apoptosis. To observe the immunological differences between these two cell lines, MT-20rg and MT-2Rst, TcR-Vf3 expression was analyzed, because its pattern may reflect the superantigenic effects of asbestos. As expected, MT-2Rst cells showed excessive expression of various TcR-Vf3 compared with MT-20rg cells, whereas it appeared that the MT-2Rst cells overexpressing various TcR-Vf3 were not dying. The apoptotic and TcR-Vf3-expressing cells were very similar in the MT-20rg line when these cells came into contact with CB for the first time, however, there was a significant population which was not dying but was in contact with asbestos for a long time among MT-2Rst cells, and this population may have contributed to the differences in the TcR-Vf3 expression pattern between the MT-20rg and MT-2Rst lines. Taken together, the overexpression of various TCR-VB in MT-2Rst was considered a feature of long term contact between fibers and cells. In addition, superantigenic effects of asbestos may contribute to the overpresentation ofvarious TcR-Vf3.
To confirm these experimental results among clinical subjects and also compare the immunological effects of silica and asbestos, TcR-Vf3 expression patterns of HD and patients with SIL, ASB and MM were examined. The patients with ASB and MM, asbestos-related diseases, demonstrated a restricted TcR repertoire with Vf3 family overrepresentation but without evidence of clonal expansion, indicating
...... that there may be a superantigen-driven T cell expansion, whereas SIL patients revealed a restricted TCR repertoire with V/3 family overrepresentation and clonal expansion, indicating that the T cells have been stimulated by specific antigens including certain self-antigens. These results make clear the immunological effects of silica and asbestos, although clonal expansion should be ensured by genomic rearrangement. The clonal overpresentation in SIL patients was considerable because there were complications of autoimmune disorders , even though the subjects in this study did not manifest any signs or symptoms of autoimmune disturbances. However, it is still unclear whether asbestos affects T cells as a superantigen and causes the subsequent decline of tumor immunity. Regarding tumor immunity, MT-2 cells may be derived from CD4+25+ regulatory T cells (28) (29) , since the phenotype of this line is characterized by CD4 and CD25-positive expression and the possibility that HTLV-I targets CD4+25+ regulatory T cells is speculating by analysis using ATL tumor cells (30) , even though MT-2 is not derived from tumor cells of AtL but immortalized by HTLV-l. Taken together, asbestos may activate CD4+25+ regulatory T cells, and this activation may cause the dysfunction of regulatory T cells inducing decline of tumor immunity.
Further study needs to focus on this insight, and immunological findings may aid in the discovery of molecular targets to prevent the occurrence of malignancies among people who have been exposed to asbestos but have not manifested signs of diseases. AIIboxesfi lled by numbers are samples which positively exceed the mean+2SD ofhealthy donors in each TcR-V I3 expression.
Gray boxes are samples which posit ively exceed the mean +2SD ofhealthy donors by more than 3%.
